ABSTRACT
(PO 4 ) 6 (OH) 2 ] is a bioceramic that ranks as one of the calcium phosphate groups that resemble the inorganic material composition of natural bone and naturally bioactive. In nature, HA primarily exists with a Ca/P ratio of 1.667 and a crystal size of nanometer range (Technol et al. 2013; Saeri et al. 2003) . Similarities of HA with the biological properties of human bone help promote an osseointegration process, which constitute as generation and formation of new bone. Given its excellent biocompatibility, concerning both cell adhesion and encouraging protein adsorption, HA have been used extensively as biomaterial for the past decade. Liu et al. (2014) has reported that even HA has good potential as biomaterial; however, its mechanical performance remained a major constraint because of the intrinsic brittleness and low strength. HA structure can be improved by combining reinforcement second phase, such as ethylene-polymer, titanium alloys, alumina, carbon nanotube and others. For example, other works proved that halloysite nanotubes are used in the reinforcement of the polymer matrix (polyvinyl alcohol), resulting in good mechanical properties of nanocomposites (Gaaz & Hussein 2017) . Consideration of the selection of materials for HA-based composite should satisfy biocompatibility and sufficient strength to reinforce the structure of the HA. Ideal reinforcement materials not only impart mechanical integrity but also provide bioactivity properties. GOs are ideal and promising candidate fillers in biocomposites, enhancing interfacial bonds and bioactivity (Raucci, M et al. 2016) . Carbonaceous materials (GO) with high chemical inertness are widely known because of their excellent biocompatibility (K. Wang et al. 2011) . M. revealed that graphene oxide (GO) added to the HA layer can reduce surface cracking and improve coating adhesion strength.
Several techniques have been applied for the synthesis of nano-sized HA powder, including wet chemical precipitation (Wp) and sol-gel (Sg) method. Wet Wp method is the most convenient technique because it can produce a large quantity of HA powder and produce smaller crystallite size compared with the Sg method. In addition, impurity elements are not involved in this method, and the by-product is water (Ramesh et al. 2015) . The various morphologies of HA can be obtained by controlling the process conditions during the synthesis period P. Wang et al. 2010) . Stewart et al. (2015) revealed that HA production method will directly affect the characterization of HA in terms of phase purity, morphology and particle size of the HA particles. The wet Wp method involves the following reaction, as shown in Equation (1). 10Ca(OH) 2 + 6H 3 PO 4 → Ca 10 (PO 4 ) 6 (OH) 2 + 18H 2 O (1)
The adsorption of proteins from body fluids occurred prior the process of cell attachment to the biomaterial surface. Shen et al. (2008) stated that adsorption of fibronectin will regulate the cell adhesion and cell behaviour. Fibronectin (FN) is an adhesive protein that contributes to the structure stability of extracellular matrix and function as adhesion, growth, and differentiation. In bones, FN has the ability to carry out osteogenesis in early stage and nucleate mineralization. Adsorption of FN onto biomaterial surfaces lead to conformational changes and cellular responses (Ribeiro et al. 2010) . The biocompatibility of HA with proteins at the surface interface is linked to the adsorption and surface activation of cell-anchoring biofluid proteins, FN (Dolatshahi-Pirouz et al. 2011) .
Herein, the adsorption of FN on the surface of nano graphene-hydroxyapatite deposited through wet chemical precipitation method is studied. Protein adsorption on the surface of biomaterials play an important role in the determination of the biocompatibility level in the field of biomaterials science and medical implants (Pd 2013).
METHODOLOGY PREPARATION OF GRAPHENE OxIDE (GO) GO was prepared through modification of Hummer's method using flaky graphite (Gr) as starting material (J. . Flaky Gr (2.0 g) was mixed with 100 mL of sulphuric acid (H 2 SO 4 ) solution before the mixture is cooled to 5°C while stirring for 30 min. Potassium permanganate (KMnO 4 , 8.0 g) was added to the mixture at the temperature condition below 10°C, and 100 mL of distilled water was then poured to the mixture follow by 30% hydrogen peroxide (H 2 O 2 ) until the pH value reached 6. After that, the suspensions were washed with 800 mL of 5% hydrochloric acid (HCl) followed by washing with distilled water until the pH reached 7. The mixture was dried for one week at a temperature of −4°C by using a freeze dryer; then GO was chemically produced (Subbiah et al. 2014 ).
SYNTHESIS OF GO-HA
In this study, the HA process is controlled under optimum conditions, where pH is fixed at a value of 9, the reaction temperature is at 90°C and calcination temperature is at 700°C in order to produce HA that possesses an outstanding morphology. Results obtained from the sintering process will produce HA with high degree of crystallinity (Deligianni et al. 2001) .
Wet chemical approach was used to synthesize nano GO-HA by using the reaction between calcium hydroxide Ca(OH) 2 , (System Chemicals, Malaysia) and ortho-phosphoric acid, H 3 PO 4 (Merck, Germany). Both substances were mixed as follows: 100 mL of 1.0 M Ca(OH) 2 was added to the GO that has been provided followed by gradual addition of 100 mL of 0.6 M H 3 PO 4 solution at a rate of 4 mL/min. Next, the mixture was mechanically stirred for 2 h at a speed of 300 rpm. The temperature was controlled at the range of 90-95°C. During this stage, pH should be controlled at 9.0 by using sodium hydroxide (NaOH, System Chemicals, Malaysia).
The resulting mixture was left overnight (24 h) for the precipitation process to occur at room temperature. After the precipitation was formed, the suspension was filtered with filter paper and rinsed with distilled water twice to remove NaOH. Next, the precipitated HA was dried in an oven at 95°C for 2 h. The sample of HA formed after the drying process was weighed and placed in a furnace for calcination at 700°C for 4 h.
Then, the step above is repeated at different molarities of 2.0 M Ca(OH) 2 -1.2 M H 3 PO 4 and 0.1 M Ca(OH) 2 -0.06 M H 3 PO 4 with different percentages of GO (0.1 and 1.0 wt%) as shown in Table 1 . The molarity of reactant was maintained at a stoichiometric Ca/P ratio of 1.667. Based on Table 2 , the highest percentage yield of the reaction obtained with highest molarity 2.0 M Ca(OH) 2 were 96.93%, followed by 96.00% and 85.57% [1.0 M and 0.1 M Ca(OH) 2 ]. Generally, in all runs, the yield was found to be higher than 80%. The production yield was found to increase as the reagent concentration increased (Al Qasas & Rohani 2005) . The optimum reaction conditions were pH 9.0 and temperature 90°C. The data obtained show that the chemical reaction at high molarity is more efficient compared with a lower molarity (Bonilla-Petriciolet et al. 2013) .
Nevertheless, the work carried out by a continuous method in an MSMPR thermostat reactor with pH of 9.0, temperature of 85°C, as well as reactants of CaCl 2 and K 2 HPO 4 , revealed that the reagent molarity increased (0.5 M CaCl 2 , 0.65 M CaCl 2 , 0.80 M CaCl 2 and 1.0 M CaCl 2 ) with fluctuating yield production (97%, 99%, 91% and 82%) (Gomez-Morales et al. 2001) . Thus, the yield production of 1.0 M calcium source by wet precipitation technique was found to be high, more convenient, simple, low cost, controllable, low temperature, time saving, and environment friendly.
In addition, the experimental results also showed that the mass produced by HA-coated GO was greater than uncoated HA in the prior solution and the mass produced increased as the GO percentage increased from 0.1 M to 1.0 and 2.0 M, consecutively. Thus, in addition to its role as reinforcement material for HA, GO also acts as catalyst that helps improve the efficiency of the reaction. This is because the GO has shown efficiency as catalyst for dehydration, oxidation and hydration . GO is a nanostructured composite that has a large active surface area, which enhances the electron transfer and electrocatalyst reaction (Yang et al. 2012 ). The FN with concentration of 50 µg/mL was dissolved in phosphate buffered saline (System Chemicals, Malaysia), with addition of 138 mM sodium chloride (NaCl) and 2.7 mM potassium chloride (KCl) at pH 7 and temperature of 25°C before being used.
ABSORPTION OF FIBRONECTIN (FN)
The first step of the FN adsorption on the surface of GO-HA involved mixing of 10 mg of the GO-HA with 50 µg/mL of FN. The mixture was maintained at 37°C for 48 h in an incubator to dissolve. After 48 h of incubation process, the GO-HA-FN was recovered by centrifugation and freeze drying.
CHARACTERIZATION FTIR analysis of GO spectra was performed using Nicolet 6700 FTIR spectrometer in the wavelength range of 650-4000 cm
. The phase composition of the sample in terms of the crystalline phase and the degree of crystallinity were analysed by xRD (D8 Advance/Bruker, CRIM UKM) with type Cu Kα radiation (λ = 0.15406) at 40 kV and 40 mA. xRD data were collected in the 2θ at room temperature ranging from 5°C to 80°C. The samples analysed were GO GO is a derivative of graphene and hydrophilic molecules, which have high tendency to dissolve in water. This is because GO contains a range of functional groups of active oxygen (Dreyer et al. 2010) . Given the exceptional properties of GO, it has been used as an additive in the HA. However, the actual structure of HA is difficult to be identified, but it is an aromatic lattice disturbed with epoxy functional groups, alcohols, ketones and carboxylic carbonyl (Marcano et al. 2010) .
The results of the analysis of xRD patterns of GO shown in Figure 1 reveals that GOs are nanosized particles. Based on the graph, the diffraction peaks for GO is usually formed at 2θ =11.2°, which can identify the prepared GO. Peak (002) has a strong and sharp intensity, proving that GO has a high degree of crystallinity. Coincidently, same phenomenon have been previously reported by (R. Li et al. 2011; Rajest et al. 2014; Zhou et al. 2017) . FTIR spectra were used for the characterization of the product formed. Figure 2 shows the FTIR results of GO, which can be seen as a very broad −OH stretching vibration peak generated at wavelength 3201 cm
In addition, GO exhibits a strong peak at 1721 cm , which corresponded to the C = O stretching band. The absorption peak of 1620 and 1361 cm −1 correspond to the aromatic C = C and C-OH stretching band, respectively. While the absorption peaks at 1234 and 1048 cm −1 correspond to epoxy C-O and alkoxy C-O stretching vibrations, respectively (Fahrul et al. 2015; Song et al. 2014 ). The presence of absorption peak at 977.3 cm −1 can be attributed to the aromatic C-H peak (Ma et al. 2012) .
GO is used in this study as additive in HA to help improve the structure of powder. Microscopic studies of GO by FESEM are demonstrated in Figure 3 . Figures 3a and 3b show that GO exhibited a stacked layered structure, which agrees with that from previous study (Rajest et al. 2014) .
The FESEM images ( Figure 3c ) and (Figure 3d ) clearly show the exfoliated GO (Paulchamy et al. 2015) and formation of thin wrinkled paper-like structure of GO (Ramani & Sastry, 2014 ) that occurs after the oxidation of graphene. GO has a different morphology compared with that of reduced GO (rGO), which has a smooth and a flat surface, probably due to the presence of functional groups consisting of oxygen ) and typically folded morphologies at its edge and surface (Cao & Zhang 2015) . Based on the observations, no reflection of GO can be identified, indicating that GO are successfully exfoliated and uniformly dispersed in HA matrix (Feng et al. 2012; M. Li et al. 2013; Ramani & Sastry 2014; Wan et al. 2011) . xRD patterns were also compared with HA-coated GO and HAuncoated GO. However, the xRD pattern shown in Figure  4 [0.1 M Ca(OH) 2 ] demonstrated that the peak intensity of 0.1% GO-HA decreased, and the peaks were broad compared with that of the uncoated HA, suggesting the successful conjugation of GO onto the surface of HA (Zhou et al. 2017 ). The intensity of 0.1% GO-HA is lower than that of pristine HA, indicating that the crystallinity of HA gradually decreased (Gong et al. 2017) . Furthermore, the peak intensity (1.0% GO-HA) in the pattern increased, and the peaks became sharper with increasing amount of GO in GO-HA hybrids. The strong intensity and narrow width of diffraction peaks resulted in the high crystallinity of the products (Grenho et al. 2013 ). The peak intensity increased continuously with increasing GO content, suggesting the facilitated crystallinity of HA in composites (Zeng et al. 2016 ) and existence of GO in the composite.
Contrarily, Figures 5 [1.0 M Ca(OH) 2 ] and 6 [2.0 M Ca(OH) 2 ] depicted that the peak intensity of 0.1% GO-HA obviously increased and became narrower compared with uncoated HA, implying that the HA crystallizes well (Wen et al. 2017) . While the intensity of peaks 1.0% GO-HA decreased and broadened with increasing amount of GO in HA. This result is indicative of a decreasing HA phase of the nanocomposites with addition of GO (Marques et al. 2012) and due to conjugation of GO at 1.0% instead of 0.1% GO in HA matrix. As the molarity of Ca(OH) 2 increases, the GO content in the composites decreases, suggesting the successful introduction of a high content of GO in the composite. Recent reports of biomaterials research suggest that the best osteocompatibility can be found if the structure, size and morphology of the particle are similar to those of biological apatite crystals (Saito 2015). Thus, researches have paid considerable attention to nano-HA because it can affect the natural apatite formation that promotes osteointegration. The nanoparticles of HA can be obtained in various types of morphologies, such as needle-like or also known as nanorod and globular-like, which are formed depending on the production technique used.
FESEM images (Figure 8 ) show pure HA, 0.1 wt.% GO-HA composite and 1.0 wt.% GO-HA composite with a molecularsized HA. Figure 8(a) clearly shows that the pure HA has agglomerated rod-like shape with particle size of 85.60 nm in length and width of 70.71 nm. While Figures 8(b) and 8(c) exhibit GO-HA composite with needle-like shape, and both have the same diameter 48.38 nm, as well as length 201 and 197.2 nm, respectively. The observation performed for the particle size matches with the HA that has been reported by previous researchers Saeri et al. 2003) . This can be identified by observation of images showing that the HA grew by both adhesion and lateral growth modes that make the tip and edge round and with some smooth and flat planes (Saito 2015). In Figure 7 , we can see a comparison of xRD patterns for the preparation of HA using different molarities of Ca(OH) 2 . In terms of height and steepness of peak, the peak intensity and steepness clearly increased from Ca(OH) 2 molarity 0.1 M to 1.0 M. However, the peak intensity and steepness declined in 2.0 M Ca(OH) 2 . This probably occurred because when molarity was too high, the concentration of OH − decreases in the solution due to the high acid concentration, where the final pH of the reaction is lower than the other molarities. In other words, the initial pH plays an important role in influencing the degree of crystallinity and other beneficial characteristics for producing HA (P. Wang et al. 2010 ). of GO) Result evaluated that the synthesis for nano-HA with needle-like shape is more popular among others because it can be used in numerous applications and medical technology. This is because natural bone consists of nano-HA that has needle-like particles (Wijesinghe et al. 2014) . HA-coated GO shows a very similar shape to the needle-like shape than that of pure HA, which is almost needle-like with smaller size. Needle-like particles are capable of enhancing sinterability and fracture toughness, which are required in bone implantation (Ramesh et al. 2015) .
Pure HA is more likely to agglomerate as seen in Figure  8 (a). The addition of GO reduces the tendency of particles to agglomerate as confirmed in Figures 8(b) and 8(c). Nanoparticle HA is attached to the surface of GO through Van Der Waals bonds (M. . The plane (300) HA can be naturally parallel to the bonding interface of GO with a strong and integrated bond. In addition, GO helps improving the structure by increasing surface roughness of HA due to features of GO that has wrinkled morphology as discussed in Section 3.2. According to Deligianni et al. (2001) , the capability of cell on adhesion, proliferation and detachment strength is sensitive to the surface roughness, where the excellent behaviour of the cell increases with the increasing surface roughness of HA.
Based on the observation in Figures 9 [1.0 M Ca(OH) 2 ] and 10 [2.0 M (Ca(OH) 2 ], higher GO distribution/coated on the surface of HA when higher percentage of GO applied. By contrast, Figure 8 demonstrates higher distribution of GO in HA with lower percentage of GO composition. Suitable percentage of GO added is important to ensure optimal conditions for the attachment of cells. HA with rough surface is produced at high content of GO, which is probably due to the larger particle size and low stability with high percentage of GO . In this work, the optimum molarity, M of Ca(OH) 2 and composition of GO are 0.1M Ca(OH) 2 and 0.1% of GO, respectively, due to well conjugation of GO onto HA surface based on xRD analysis as discussed in Section 3.2 and higher distribution of GO onto HA surface.
ADSORPTION OF FN ON THE NANOSURFACE OF GO-HA
Hydrophobic and electrostatic forces are the main interaction forces between ceramics and proteins. HA exhibits a hydrophilic character and in hydrophilic surfaces, the strongly bound water molecules form the repulsive solvation forces that prevents protein binding. FN shown in Figure 11 presents the elemental composition of carbon (C) proved that the absorption of FN towards both samples (HA and 0.1% wt GO-HA) was successful. The percentage of carbon composition is higher in GO-coated HA (44%) compared with the uncoated HA (33%). Accordingly, GO as agents, improved the adsorption of protein towards the HA surface. GO promoted early adsorption and stretching state of FN, which in turn facilitates the attachment and spreading of the cells. This condition supports the phenomenon that GO, at a coating surface, promotes spreading and proliferation of cells . Plus, GO also improved the morphology of HA, thus enhanced bioactivity adaptation in vivo conditions (Janković et al. 2014) .
CONCLUSION GO was successfully coated on HA surface by wet precipitation method, producing an ideal GO-HA composite. Chemical precipitation method of synthesising GO-HA produces nanosized particles with sizes ranging 150-200 nm in length and 40-50 nm in width. The molarity of Ca(OH) 2 and composition of added GO plays important roles in the morphology, particle size, distribution of GO on HA surface, as well as absorption of protein. The optimum molarity of Ca(OH) 2 was 0.1 M and composition of GO was 0.1%. The absorption of FN on the nano surface of GO-HA composite was successful through EDx and FESEM analyses. Carbon (C) elemental composition through EDx analysis is 44% for GO-HA and 33% for uncoated HA. Carbon (C) element mapping through FESEM analysis proved that the absorption of FN towards GO-HA occurred. The results from this study revealed that the composite of GO-HA can promote the adhesion, proliferation and better interaction with proteins to produce biomaterials that have high biocompatibility for future implantation application.
